INTRODUCTION
The history of modern ICBs has intrigued scientists for more than a century. More recently, 2D and 3D seismic imaging have helped to evaluate their evolution history. Several Neogene examples (mostly from SE Asian basins) have been described during the last decade (e.g. Grötsch and Mercadier, 1999; Posamentier et al., 2010; Zampetti, 2010) . These studies have often interpreted ICBs as long-term transgressive features, with their size, shape, and stratigraphic evolution greatly influenced by a complex interplay between eustasy, tectonics, climate, ocean circulation and evolution of biota.
This study focuses on the distribution and growth of large ICBs that formed along the north-western part of the Bonaparte Basin (Vulcan Sub-basin, North West Shelf of Australia) during the Quaternary (Fig. 1) . ICBs of the NW Bonaparte Basin are present in the form of clusters (e.g. Big Bank and Karmt shoals; Fig. 1 ). These ICBs are actively growing and characterized by a high diversity of tropical biota, including Halimeda, hard corals, soft corals, encrusting sponges and macro-algae (Heyward et al., 1997) . The regional oceanography of the North West Shelf is influenced by the South Equatorial Current, driven by easterly tradewinds, and the Indonesian Throughflow (ITF), which floods the shelf with warm, low salinity water from the North Pacific (Heyward et al., 1997; Collins, 2010) .
The size of these ICBs and their regional distribution make them interesting recent analogues for ancient carbonate buildups. While the Vulcan Sub-basin ICBs have been described in the past (Marshall et al., 1994; Heyward et al., 1997; O'Brien and Glenn, 2005; Collins and Testa, 2010) , there is no current consensus on their age, mechanisms of initiation, and growth history. The primary objective is to determine the timing and mechanisms of ICB initiation during the Quaternary, as well as factors controlling their distribution and stratigraphic evolution. 
REGIONAL SETTING
The Bonaparte Basin has a complex Phanerozoic evolution history (e.g. Longley et al., 2002) and comprises a number of
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Paleozoic and Mesozoic sub-basins and platform areas (Fig.  1) . Miocene to Pliocene convergence of the Australian plate and the SE Asian microplates resulted in the pervasive structural modification of the Timor Sea region (Etheridge, 1991) . Flexure-related extension has deformed the region (corresponding to the study area) by reactivating older faults and creating a set of younger faults (Woods, 1988) . The area is tectonically active, at present, where the Australian plate in the Timor region is moving NNE at ca. 77 mm/yr (DeMets et al., 2010) and it is colliding with the Banda Arc.
DATA AND RESULTS
Here we use a 3D seismic megasurvey combined with publiclyavailable petroleum well data to understand the timing and mechanisms of formation of tropical ICBs. The main 3D seismic data set, referred to here as the PGS Vulcan MegaSurvey (Fig. 1) , encompasses an area of ca. 18,000 km 2 . Lithological and biostratigraphic calibration of the Pliocene and Quaternary strata was mainly provided by data from the wells Alaria-1, Buffalo-1 and Ludmilla-1. Bathymetry data (extracted from the Geoscience Australia database at 250 m resolution; Fig. 1 ) was also used to compile a database of surface area, length, width, and top and bottom depths of the 125 ICBs along the present-day North West Shelf.
The ICBs of the Vulcan Sub-basin area are the most striking geomorphic feature of the modern continental shelf (Fig. 1) , and are located 2 to 85 km off the shelf-edge. Overall, the ICBs are distributed along the strike of the continental shelf margin, which could relate to the water depth of the substrate on which they initiate (Fig. 1) . Basinward of the shelf margin, the ICBs rise steeply from the seafloor (150-350 m water depth, i.e., the upper slope) to 5-100 m water depth at their top (Fig. 1) . Majority of ICBs have vertical relief ranging from 180-230 meters (Fig. 1) , and the surface area varies between 0.35 to 630 km 2 . Generally the ICBs are circular to sub-circular in planview but a number of them have an oblate to elliptical shape (Fig. 1) . In the study area, top of ICBs are either convexupward, resulting in a shallower interior than the peripheries, or flat-topped (Fig. 1) .
The seismic interpretation calibrated with biostratigraphic and wireline data (Fig. 2) from the wells suggests that the growth of the ICBs initiated during the Mid Pleistocene (CN14a-CN13a; 0.582-0.80 Ma BP). Seismic data show a major change in seismic facies from well-bedded moderate to high amplitude reflections to a chaotic-transparent facies, typical of carbonate deposits. Figure 2 also shows that the carbonate growth initiated over this antecedent surface as a mound. Above that, the log curves depict a typical cleaning upward (progradational) trend (Fig. 2) . Seismic reflectors form clinoform geometries prograding away from the initial build-up (lateral growth phase). Above this, the growth is predominantly vertical (up-building phase; Fig. 2 ). The GR curve shows an overall progradational trend with some peaks (Fig. 14) which may be correlative with the fluctuating sea levels of the Late Quaternary (Fig. 3) .
Almost all ICBs in the study area are associated with adjacent moats, suggesting strong currents flowing along their bases ( Fig. 1 & 2) . These moats are approximately 1 km wide and 30-90 m deeper than the adjacent basin floor ( Fig. 1 & 2) . Mounded drift deposition occurred adjacent to the base-ofslope moats, with the width and thickness of drifts being proportional to the related moat (Fig. 2) . The seismic reflectors show a downlapping geometry prograding towards the base of ICBs (present-day moats; Fig. 2 ). 
IMPLICATIONS
The timing of ICBs initiation corresponds with the end of the Mid Pleistocene Transition (1.6-0.8 Ma BP; Miller et al., 2005) , which mark the onset of high-amplitude (~120 m), >100 kyrs sea level cycles characterised by long-term sea level fall, followed by very rapid (<15 kyrs) rise and relatively short highstands (Berger, 2008; Fig. 3) . We propose that the Vulcan Sub-basin ICBs initiated during the abrupt sea level rise and the unusually long-duration sea level highstand (MIS15; ca. 0.62 Ma BP; Fig. 3 ). The MIS15/16 transition also corresponds to the early initiation of the modern Belize Barrier Reef as well as the Great Barrier Reef in eastern Australia (Alexander et al., 2001; Droxler and Jorry, 2013) . The Late Pleistocene is characterized by a global sea level fall (3 rd order) highlighting the fact that the ICBs of the Vulcan Sub-basin did not develop during a long-term transgressive phase as it is commonly inferred for older SE Asian ICBs (Posamentier et al., 2010; Zampetti, 2010) . Instead, they are the product of repeated, high-amplitude and rapid 4 th -5 th order sea level rises within a longer-term falling sea level trend (Fig. 3) .
In addition, ICBs represent attractive hydrocarbon exploration targets. Several giant hydrocarbon fields have been discovered in ICBs (e.g. the Tengiz field in the Caspian Basin (Collins et al., 2006) ; the Malampaya field in the Philippines (Grötsch and Mercadier, 1999) ) and exploration activities in such settings are ongoing (e.g. the Triassic Tiberius build-ups in NW Australia (Grain et al., 2013) ). Therefore, these analogues can be useful for investigating the relationship between external controls and the stratigraphic architecture of ICBs as they developed during glacio-eustatic, tectonic and oceanographic settings.
CONCLUSIONS
Distribution, initiation and growth of ICBs in the Vulcan Subbasin are mainly controlled by sea level fluctuations, tectonics and oceanography. The initiation of carbonate growth during the middle-late Quaternary took place along structural highs formed as the result of flexural reactivation of basement structures. Seismic evidence of contourite-drift deposition suggests changes in regional physiography (i.e. uplift of Timor and structuration of Australian margin) had impacted the paleoceanographic regime, by modifying the path and intensity of the Indonesian Throughflow current. In spite of favourable conditions for carbonate production (basement highs and warm water ocean currents), ICBs did not form until the Mid Pleistocene with the onset of high amplitude sea level fluctuations associated with repeated, rapid deglacial rises and slow falls.
The Late Quaternary ICBs of the Vulcan Sub-basin formed during 3 rd order regressive phase, and only aggraded during the repeated, short-term, high-amplitude deglacial sea level rises of the last ca. 0.6 Ma BP. This implies that large, long-lived ICBs (equivalent in size and shape to older, hydrocarbon-bearing ICBs) do not necessarily require long-term transgressive conditions to initiate and growth.
